Summary The epidemiology of polycythaemia rubra vera (PV) has not been studied extensively in the past. In 1968 PV became subject to cancer registration in England and Wales. The mortality rates and registration rates for PV were abstracted for 1968-1982. The average annual mortality rates were 3.0/million/y (men, 1068 cases) and 2.3/million/y (women, 886 cases), there being no significant increase over the time period. The average annual registration rates were 10.7/million/y (men, 3321 cases) and 6.7/million/y (women, 2207 cases) and showed a large increase from 1968 to 1974 with a stable rate subsequently. This increase was concentrated in the 65 + age groups. The median age of registration was 60-64 y with a peak of mortality and incidence between ages 75 and 84y. The data suggest some degree of overdiagnosis for PV registrations, however the rates are comparable with those seen in other studies in developed countries. The routine data sources require further validation, but they appear to provide useful information for the study of the epidemiology of PV.
Polycythaemia rubra vera (PV) is a rare chronic haematologic neoplasm that is characterised by a clonal proliferation consisting primarily of erythrocytes with varying levels of granulocytes and platelets (Adamson et al., 1976) . Typically it has a long clinical course that is often complicated by thrombosis and may terminate in acute leukaemia (Berk et al., 1981) . There has been little epidemiologic study of PV in recent years because of its relative rarity and the lack of routine sources of morbidity and mortality data. The introduction of the 8th International Classification of Diseases (ICD 8) in 1968 resulted in the transfer of PV into the neoplastic subheading and so made PV subject to cancer registration in England and Wales. The purpose of this study is to describe the epidemiology of PV on a larger scale than has previously been possible using the national cancer registry and mortality data in England and Wales.
Materials and methods
Mortality data for PV (ICD 8 208 and ICD 9 238.4) have been abstracted for the years 1968 -1982 (Registrar General 1968 -1973 , OPCS 1974 -1982 . Multicause coded mortality for [1973] [1974] [1975] [1976] [1977] was provided by OPCS from unpublished tabulations. Cancer registrations for the same ICD codes were taken from published data from [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] (Registrar General Supplement on Cancer, 1972 , and OPCS Cancer Registrations 1971 -1980 . Rates have been calculated using 5 year age bands, based on the OPCS mid-year age and sex specific population estimates. Standardised mortality (SMR) and registration ratios (SRR) have been calculated by indirect standardisation to the 1968 England and Wales male and female rates. Time trends in standardised rates were tested for significance using Spearman rank correlation coefficients (Rs) (OPCS Morbidity Surveillance & Siegel, 1956 ).
Results
The average annual mortality rate from 1968-1982 was 3.0/million/y for men (1068 cases) and 2.3/million/y for women (886 cases). There has been no significant change in the SMR since 1968 for either men (Rs=0.005, P>0.05) or women (Rs=0.20, P>0.05) (Figure 1 ). The age specific death rates peak between ages 75 and 84 ( Figure   2a (Figure 3 ). The increase in registrations has been concentrated in the 65 + age groups (Figure 4 ). The age specific registration rates show a pattern similar 1968 -1980 , England England and Wales, male 1968 1970 1972 1976 1978 1980 Year to that of the mortality rates ( Figure 2b ) with a peak of incidence between ages 75 and 84. As with mortality, the male rates exceed the female except in the oldest age group. Both the registration and mortality curves show the age specific rates in women to be shifted by about 5-10 years to the right of the males rates and to peak at a lower level.
Discussion
There have been few studies of the epidemiology of PV and little is known about the utility of routine mortality and morbidity statistics as tools for the study of PV. There are several problems which may limit the usefulness of the routine data. Cancer registrations are not generally subject to diagnostic review. This is a particular problem with PV since there are many common causes of secondary erythrocytosis (Berlin, 1975) . Dougan et al. (1981) have shown that 30% of cases registered in Western Australia as PV had a secondary cause of erythrocytosis after review of clinical records. There are no comparable studies in England and Wales, but it is likely that a similar degree of overdiagnosis exists.
Conversely, there may be cases who are not diagnosed or not registered. There is wide variation in the completeness of cancer registration in England and Wales and it is estimated that some regions register only 60% of cancer cases (Balarajan & Scott, 1983) . Since the survival in PV is relatively good, a median of 10 years in clinical series (Berk et al., 1981) , one would expect some excess of registrations over deaths. However, in PV there is a 3-4 fold difference between the mortality and registration rates. Some of this difference is due / 1968 1970 1972 1974 1976 1978 1980 Year The broad agreement between the results of this study and other epidemiologic studies of PV that have used more rigorous methods of case ascertainment suggest that the routine data sources may provide meaningful information on the incidence of PV (Table I ). The range of rates varies from 0.2/million/y in Japan to 22/million/y in Minnesota, which is a larger range than is seen in other haematopoeitic neoplasms (Doll & Peto, 1981) . Waterhouse et al. (1982) have tabulated the incidence of PV from a number of cancer registries. The highest rates were 21/million/y in southeast Scotland. The Japanese registries all had rates of less than I/million/y, except for Nagasaki, where the rates, based on only 18 male and 5 female cases, were 16/million/y and 4/million/y respectively. These differences in incidence could be accounted for by differences in case ascertainment, diagnostic practice or sampling error. However, the generally low rate of PV in Japan, which also has low rates of most other haematopoetic tumours (Doll & Peto, 1981) , suggests that there may be environmental or genetic factors in Western countries that are important in the aetiology of PV. Since little is known about aetiologic factors in PV other than a possible role of radiation (Caldwell et al., 1984) , further study of these international differences and patterns of PV in migrants could provide leads to the causation of PV.
There was a large increase in PV registration rates, confined to the older age groups, from 1968 to 1974, without a corresponding increase in death rates. There has not been any marked improvement in therapy, which would lead to longer survival, so this suggests that the increase in registration rates in the early years was due to a learning curve of registration of a 'new cancer' and better diagnosis in the elderly, rather than to a true increase in incidence. If this is the case then one would expect that an increase in death rates would occur with a lag of about 10 years, corresponding to the median survival. Further tracking of PV rates over the next 5 years should confirm or refute this hypothesis.
The age and sex distribution of PV found in this study is similar to that found in both epidemiologic and clinical series of PV. Berk et al. (1981) found that the median age at diagnosis was 62 years and that 54% of cases were men, compared to a median age of 60-64 and 60% men in the England and Wales cancer registry data. In the epidemiologic studies cited (Table I ) and in Waterhouse et al. (1982) , the male incidence was uniformly greater than the female rate. This male excess is small compared with some other cancers and suggests that the agent(s) of PV are not likely to be strongly sex-linked factors. There does seem to be a consistent shift of the female incidence and mortality curves to the right of the male curves, which may indicate either a delayed exposure or decreased susceptibility in women to the causes of PV. The age curve of PV registrations shows a steep rise and then a decline in the oldest age groups. The slope (k) of the age curve of many cancers from age 35 to 75 is linear on a log log scale and is compatible with a multistage model of carcinogensis in which k + 1 cell changes are necessary for development of an overt cancer (Doll, 1971) . In a review of the slopes of log age specific mortality versus log age for various cancers, Cook et al. (1969) found that there was relatively little variation between countries in the slope for a particular tumour. The slope of registrations for PV to age 75 in England and Wales is 3.6 on a log log scale and is similar for men and women. Calculation of the slope from the studies in Table I show that it ranges from 2.9 in Israel to 4.4 in Finland. Assuming a simple multistage model, this would suggest that at least four separate events would be necessary for the development of PV. The slope of the age curve for CGL in England and Wales from 1968-78 was 2.5, which is shallower than that seen in PV. This would suggest that PV requires a longer induction time than does CGL and more cellular changes to develop clinical disease.
Another feature of the age curve is the decline in incidence in the older age groups. This is probably due to inadequate diagnosis and registration in the elderly. A cohort effect of increasing early exposure to an aetiologic agent would also give the same pattern. A formal cohort analysis is not feasible on the short time period for which registration data are available, but the registration rates should show a shift in the peak of incidence over time if a cohort effect is present.
The consistency in the general pattern of mortality and registration rates in England and Wales, the similarity of the results to population based studies using rigid diagnostic criteria, and the congruence with clinical experience all suggest that the routine statistics can provide a useful means of studying PV. The main findings in this study are that both mortality and registration rates are higher in men than in women, the peak incidence occurs between ages 75 and 84 and that the increase in incidence since 1968 is probably due to improved registration and diagnosis. There has been little work on the epidemiology of PV in recent years and this study has indicated that useful information can be derived from routine statistical sources. Replication of this approach in other countries and validation of certification and registration of PV would be of value to confirm the utility of the routine data and to provide the basis for future studies of the epidemiology and aetiology of PV.
